, and 3-octanol (alcohol) were identified as major aroma components in A. juniperina with 76.22%.
INTRODUCTION
Antrodia juniperina (Murrill) Niemela and Ryvarden (Fomitopsidaceae) , seen in Juniper forest contains Juniperus excelsa, Juniperus foetidissima, Juniperus drupacea, Juniperus oxycedrus, and Juniperus communis species in Adana, Amasya, Antalya, Balikesir, Kahramanmaraş, Karaman, Kütahya, Mersin, and Muğla provinces of Turkey (Doğan et al., 2011) . This mushroom grows on old Juniper species as saprobe or rarely parasitic. A. juniperina also has a wide distribution over the world and it is found on Juniperus deppeana Steud., Juniperus monosperma (Engelm.) Sarg., Juniperus osteosperma (Torr.) Little and Juniperus virginiana L., in USA Ryvarden, 1986, 1987) ; on Juniperus procera Hochst. ex Endl. in West Africa (Niemela and Ryvarden, 1975) ; on Juniperus thurifera in Espana (Garcia-Manjon and Moreno, 1981) ; on J. excelsa in Bulgaria Gilbertson, 1993, 1994) , and Macedonia (Karadelev, 1995) . This species grow mainly on J. excels and J. foetidissima as a *Corresponding author. E-mail: hatirataskin1@gmail.com. Tel: +90 5336538796. Fax: +90 322 3386388. saprobe or parasite in Turkey.
Antrodia genus consists approximately of 50 species and some of these species are known as medicine in some countries (Anonymous 2012) . Aroma compounds of Taiwanofungus camphoratus (Syn: Antrodia camphorate) known as herbal medicine in Taiwan (Liu et al., 2008) were studied by many researchers. 78 aroma compounds were determined in T. camphoratus and 39 of them were terpenoids (Geethangili and Tzeng, 2011) . In addition to benzenoids, lignans, benzoquinones, maleic/succinic acid, sterols, nucleotides, and fatty acids were found. Also, anti-cancer activities, antiinflammatory/immunomodulatory effects, anti-hepatitis B virus replication, anti-oxidant activities, hepatoprotective activity, neuprotective effect, antihypertensive effect, vasorelaxation effect, prevention of liver fibrosis of this mushroom have been reported (Geethangili and Tzeng, 2011) . The usage of natural aroma components of T. camphoratus in food and cosmetic industry has been noted by Liu et al. (2008) , and 42 organic components (esters, alcohols, acids, ketones) were identified by gas chromatography-mass spectrometry (GC-MS) and gas chromatography-olfactometry (GC-O). In a study conducted by Wu et al. (2007) , antioxidant activities 
of
T. camphoratus were studied, and the polysaccharides, sesquiterpene lactones, steroids, and triterpenoids contained in this mushroom as well as its anti-cholinergic, anti-serotonin, anti-inflammatory, antioxidant, anti-cancer, and anti-hepatitis B virus activities were reported in the study.
A. juniperina is a common mushroom in Turkey. Distribution of this mushroom in Turkey was studied by Dogan et al. (2011) . It has very distinct and palatable smell when it is fresh. However, there has not been a detailed study on volatile aroma compounds of A. juniperina to date. Therefore, volatile aroma components of A. juniperina collected from nature were determined by GC in this study.
MATERIALS AND METHODS
Fresh A. juniperina samples were collected on J. excelsa from Adana-Pozantı, Elma sekisi 2, and Çetinlik province of Turkey (37°30'05N to 034°57'17E, 1422 m) on 27 of April, 2011 with collection number: HD 7452 ( Figure 1 ).
The collected (approximately 250 g) samples of A. juniperina were immediately crushed in a mortar and were homogenated. The samples were harvested in a commercial ripen stage and were immediately homogenized using fruit blender. Triplicate volatile compounds were analyzed on an automatic HS-40 head space autosampler Perkin Elmer Turbo Mass Clarus 600 GC/MS. Automatic Headspace Technique (Purge/Trap) was used for extraction of volatile compounds in collected A. juniperina samples. Samples (5 g) were weighed and immediately transferred into the autosampler Headspace vials (20 ml) adding 1 ml of NaCl (2%) and samples were held in place for 20 min at 35°C. Thermal desorption was performed in the injector glass liner at 250°C for 2 min. The GC-MS system used for analysis was Perkin Elmer Turbo Mass Clarus 600 GC/MS operating at 70 eV in electron ionization (EI) mode. Data acquisition and analysis were performed by using Enhanced Data Analysis software, supplied by the manufacturer. Substances were separated on a fused silica capillary column, HP-5MS flexible 1 glass capillary gas chromatography column (60 m, 0.25 mm, 0.25 μm, Agilent Technologies Co., Ltd., Palo Alto, USA). The GC oven temperatures in this system was kept at 60°C for 10 min and was programmed to 220°C at a rate of 4°C min -1 , and then it was kept constant at 220°C for 10 min, then it was programmed to 260°C at a rate of 1°C min -1 with splitless. The injector temperature was set at 250°C. MS was taken at 70 eV. The mass range was m/z 35 to 425. A library search was carried out using Wiley, Nist, and Flavor GC-MS Libraries. MSs were also compared with those of reference compounds and was confirmed with the aid of retention indices from published sources. Relative percentage amounts of the separated compounds were calculated from total ion chromatograms through a computerized integrator.
RESULTS AND DISCUSSION
Aroma compounds (22) were identified by GC/MS in A. juniperina (Table 1 ). As seen in Table 1 , alcohols, terpenes, acids, aldehydes, ketones, and esters were detected. Alcohols such as, 3,7-dimethyl-1,6-octadien-3ol, 3-octanol, 1-octen-3-ol, 1-octanol, 1H-2, 6-methano-2,3-benzodiazocin-8-ol, and 4,8-methanoazulen-9-ol were identified as major components and consisted of approximately 52.37% of the total aroma. Among the detected alcohols, nerolidol was determined as the major (37.34%) aroma component. This aroma component occurs naturally in mushrooms. Its odour is described as being mild, delicate, sweet, floral, green, woody, and fruity, while its taste is described as floral and slightly woody (Anonymous 2008) . 3,7-Dimethyl-1,6-octadien-3ol and 3-octanol were found among important alcohols Afr. J. Pharm. Pharmacol. with 5.09 and 5.08%, respectively. 1-Octen-3-ol (mushroom, butter, resinous), 3-octanol (fruity, cod liver oil, citrus, weakly nutty, fungal), 1-octanol (fruity-flowery, sweet soap, orange, waxy, sweet), 1-octen-3-one (boiled mushrooms, metallic, fungal, wild mushroom), 3octanone (fruity, sweet, musty, floral, lavender, sweet ester), 2-octen-3-ol, and 3-octanal are the well-known and common aroma compounds (Jong and Birmingham, 1993; Taylor and Linforth, 2010) . However, some aroma compounds are the characteristics for some mushroom species. Nerolidol was found as the main aroma component in Lentinellus cochleatus (Pers.) P. Karst. (Taylor and Linforth, 2010) . This component was detected in T. camphoratus by Liu et al. (2008) , and in Suillus bellini (Inzenga) Watling., Suillus granulatus (L.) Roussel, and Suillus luteus (L.) Roussel by Pinho et al. (2008) .
Ketones are commonly used in medical and chemical industries in the form of acetones, steroids, and certain sugars. Ketones (3-octanone, 2,5-cyclohexadien-1-one, 5,9-undecadien-2-one and 5(4H)-indanone) made up another group (7.05%) of aroma components found. 3-Octanone (6.42%) was the major ketone. This compound is one of the most important ketones in mushrooms and it gives fruity, sweet, musty, floral, lavender, and sweet ester. 2,2-dimethyl propanoic acid and isobutyl phytalic acid were detected as acid. 3-Methoxy-5-methylbenzaldehyde was determined as aldehyde. 6-Alphacadina-4,9-diene, R(-)3,7-dimethyl-1, 6-octadiene and Spiro (5.5) undeca-1,8-diene were detected as terpene. Terpenes are located in the structure of essential oils. So, they are used in cosmetic and food industry, aromatheraphy and medicine. Esters are used in the cosmetic industry because they have their own odour. 3-Methyl-2-butenoic acid, 4-methoxybenzyl ester was identified as ester in this study. 11,13-dihydroxy-11.β.Harbusculin benzofuran was identified as the second predominant aroma component with 11.84% in A. juniperina. This component is a sesquiterpene lactones derivatives and used in medicine.
In addition to 2-methylaminoethanol, carbamic acid, tridecane, 4,8-methanoazulene, eicosane, octanose, naphthalene, butylated hydroxytoluene, and cyclohexanol, were detected in trace amount in A. juniperina.
Ethyl acetate, c-undecalactone, linalool, and 3-hydroxy-2-butanone were found as predominant aroma compounds in T. camphoratus by Liu et al. (2008) . In this study conducted on A. juniperina, nerolidol, 11,13dihydroxy-11.β.H-arbusculin benzofuran, 3-methoxy-5methyl-benzaldehyde, 3-octanone, 3,7-dimethyl-1,6octadien-3-ol, and 3-octanol were determined as the major components.
Conclusion
A. juniperina is a common mushroom in Turkey and it has very distinctive and pleasant smell when it is fresh. Some Antrodia species are known as herbal medicine in some countries. Therefore, volatile aroma compounds of A. juniperina were determined in this study. Total of 22 aroma components were identified (alcohols, terpenes, acids, aldehyde, ketones, ester). Alcohols (especially Nerolidol) were the major aroma compound with 52.37% of the total aroma. Ketones were found as important aroma components with 7.05%. 11,13-dihydroxy-11.β.Harbusculin benzofuran was identified as the second major aroma component with 11.84%. This component was followed with 3-methoxy-5-methyl-benzaldehyde (10.45%). Results of this study showed that A. juniperina is rich in terms of aroma. Doğan et al. 3255 
